Both implicit motives and cognitive abilities have been shown to be associated with gonadal steroid hormones in previous research. Here, we present and test in a sample of 81 participants a conceptual model that links organizational and activational effects of gonadal steroids to implicit needs for power and affiliation, assessed with a picture-story method, 2D:4D digit ratio as a marker of organizational hormone effects, salivary measures of testosterone, progesterone, and estradiol as indicators of current (i.e., activational) effects, and spatial cognition and verbal ability, assessed with 3D mental rotation and verbal fluency tasks. Need for power showed both linear and curvilinear relationships with mental rotation performance and was associated with a more male digit ratio in individuals high in activity inhibition (AI), a picture-story-based measure of greater right-hemispheric engagement. Needs for affiliation and power interacted with AI and gender in predicting verbal fluency, with low-AI affiliationmotivated women and high-AI power-motivated women achieving higher verbal fluency scores than other participants. The opposite pattern was observed in men. Neither implicit motives nor digit ratio or cognitive ability measures were significantly associated with salivary hormones.
gonadal steroids in verbal ability. Wolf and Kirschbaum (2002) observed a negative relationship between T and verbal fluency in men and Schattmann and Sherwin (2007) documented a positive effect of pharmacological reduction of T on verbal fluency in women. Regarding the relationship between E and verbal ability, Hampson (1990a) observed an increase of verbal fluency from the follicular to the midluteal phase. Effects suggestive of a positive association between E and use of signs have also been observed in a primate trained in sign language (Patterson, Holts, & Saphire, 1991) . However, the link between E and verbal fluency appears to be difficult to replicate, sometimes even within the same laboratory (see Hampson, 1990b ).
We conclude from this review that there are profound organizational effects of pre-or perinatal steroids (particularly T and E) on mental rotation and also on digit ratio, but that there is no systematic association between digit ratio as a marker of such organizational effects and mental rotation performance. A more female digit ratio appears to be related to better verbal fluency, particularly in men. Some evidence exists for activational effects of T and E on mental rotation, but the evidence for T in particular is inconsistent across studies. Some limited evidence points to a negative association of verbal fluency with current T, and a positive association with current E levels. imagination, and cognition". Sample size represented a compromise between an intended ideal power of .80 for small to medium effect sizes (r ~ .25) obtained in previous research on motives, hormones, and cognition (e.g., Schultheiss et al., 2003; Schultheiss & Hale, 2007; Schultheiss et al., 2004) and the requirement for completing a diploma thesis at Friedrich-Alexander University within 6 months. The sample consisted of 37 men, 18 naturally cycling (NC) women, and 26 women taking oral contraceptives (OC). On average, participants were 23.13 years old (SD = 3.38, Min = 18, Max = 38). Eight participants self-identified as left-handed. No participant was enrolled in psychology.
Design
The study had a correlational design. For data-analytic purposes, however, implicit motive measures and participant gender (male, female) and group (men, NC women, OC women) were designated as predictor variables and measures of digit ratio, mental rotation performance, and verbal fluency were designated as dependent variables.
Hormone measures were used variably as predictor and dependent variables.
Procedure
To minimize variations in hormonal measures, all testing took place in the afternoon, after 3 pm. All tasks and questionnaires were presented on Windows XP ASSOCIATIONS BETWEEN IMPLICIT MOTIVES 13 computers with 24" LCD monitors, using the software Inquisit 3.0 by Millisecond Software (Seattle, WA). Participants first completed a picture-story measure of implicit motives and AI and then worked on a demographic questionnaire while providing one saliva sample. Next, they completed a mental rotation task and a verbal fluency task.
After participants had completed all tasks (including a self-report measure of motives, an emotion recognition task, and a lateralized attention task that were not relevant for the questions and hypotheses of this article), the experimenter used a photocopier to take pictures of participants' hands for later determination of digit ratio. Participants were debriefed, thanked, and paid €10 for their participation.
Motive measures
Participants worked on the 6-picture PSE described by Pang and Schultheiss According to the manual, n Power is coded whenever a story character acts in a strong, forceful manner; controls or manipulates others; tries to persuade or convince others; provides unsolicited help or advice; wants to impress others, has a concern with fame, prestige; or elicits strong, non-reciprocal emotions in others. n Affiliation is coded when someone experiences positive affect in the context of a relationship; experiences negative affect about the disruption of a relationship and wants to mend it; engages in companionate activity with others; or provides nurturant support to others. (Stories were also scored for achievement imagery; however, these scores have no bearing on the hypotheses and results reported here.) Scorers had previously exceeded 85% inter-scorer ASSOCIATIONS BETWEEN IMPLICIT MOTIVES 14 agreement on calibration materials prescored by an expert that are contained in the manual. Interrater reliability (Pearson correlations of each participant's raw motive score) was good, with .82 for n Power and .86 for n Affiliation. Word count and AI (i.e., the frequency of the German negation nicht) were determined through a MATLAB utility described in Schultheiss, Liening, and Schad (2008) . PSE protocol length (M = 580 words, SD = 154 words) was significantly correlated with participants' overall motive scores, averaged across both coders, for n Power (M = 4.99, SD = 2.46), r = .65, and n Affiliation (M = 5.80, SD = 2.41), r = .36, as well as with their AI scores (M = 5.60, SD = 3.55), r = .49, all ps < .001. Following Schultheiss and Pang's (2007) recommendation, we corrected motive and AI scores by regression for word count and converted the residuals to z scores. We used these standardized scores in subsequent data analyses.
Salivary hormones
Saliva samples were collected and processed according to the recommendations given by Schultheiss and Stanton (2009) . All hormone assays were conducted using solid-phase Coat-A-Count 125 I radioimmunoassays for T (TKTT), E (TKE2), and P (TKPG) provided by Siemens Healthcare Diagnostics GmbH (Eschborn, Germany), following validated protocols for the assessment of salivary T, E, and P (Liening, Stanton, Saini, & Schultheiss, 2010; Schultheiss et al., 2003; Stanton & Schultheiss, 2007; a 24-h preincubation at room temperature was added for P). All participant samples were assessed in duplicate and estimates were averaged for each sample for later analyses. For T, intraassay CV was 10%, and analytical sensitivity (B0 -3 SD) was 5 pg/mL. For diluted control samples, analytical recovery was 157% for low (10 pg/mL), 80% for medium (90 pg/mL), and 78% for high concentrations (152 pg/mL). For E, intraassay CV 
Mental rotation task
To assess participants' mental rotation performance, we adapted the paper-andpencil task by Vandenberg and Kuse (1978) for administration on the PC. Target items were taken from the mental rotation stimulus library developed by Peters and Battista 
Verbal fluency task
To assess participants' verbal fluency, we administered the tasks prefixes (Wortanfänge), suffixes (Wortenden), and sentences (Vierwort-Sätze) from a standardized verbal creativity test (Verbaler Kreativitäts Test, VKT; Schoppe, 1975) , which is based on earlier tests by Christensen and Guilford (1958) and Thurstone and Thurstone (1962) .
The prefix task required participants to generate and type into a window on the screen as many different words as possible starting with the common German prefixes ver-and de- 
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Because we were concerned that participants' performance scores might confound typing speed with verbal fluency, we additionally had them type the numbers 1 through 10 as words within 10 s. The number of completed number words was not significantly correlated with VKT task scores (ps > .10) and neither did it alter the results reported below when we included it as a covariate in regression analyses. Thus, results for VKT scores were not due to typing speed. higher n Affiliation than men. NC women's n Affiliation was in between these groups and differed from each at the trend level (ps < .10). Group also had the expected effect on salivary hormone levels, with men having about five-to seven-fold higher T than NC and OC women, and OC women having higher E and P than NC women. Men's E differed from both OC and NC women's. Group had no reliable effect on other variables, including mental rotation performance. However, when we combined NC and OC women, they showed the expected trend toward lower mental rotation scores (M = 9.77, SD = 3.57) compared to men, t(79) = 1.81, p = .07.
Results

Descriptive statistics and correlations
After controlling for the substantial effects of group on salivary hormone levels, all three hormones were positively and significantly associated with each other (see Table   1 ). There were no significant associations between n Power and n Affiliation with ASSOCIATIONS BETWEEN IMPLICIT MOTIVES 19 salivary hormones for the entire sample. Targeted analyses of the relationship between n Power and T in men (r = -.22, ns) and between n Power and E in NC women (r = .25, ns)
were inconclusive, although the latter effect is consistent with the positive correlation (r = .44; for the difference, z = -0.85, ns) between both variables observed in NC women by Stanton and Schultheiss (2007) . Likewise, analyses of associations between n Affiliation and P across groups were inconclusive, with these variables being correlated at .02 in men, .08 in NC women, and .35 in OC women (all ns). As expected, digit ratio was not significantly related to salivary hormones with the exception of P, for which we found a negative correlation. Contrary to expectations, none of the hormones was significantly associated with mental rotation performance or verbal fluency, either in the overall sample (Table 1) or differentially by group. We also tested for a curvilinear relationship between T and mental rotation scores, but without significant results.
As hypothesized, n Power was negatively associated with 2D:4D ratio, whereas the reverse was true for mental rotation performance. Correlations of these variables with n Affiliation were in the opposite direction. However, only the association between n Power and mental rotation became significant. Neither n Power, nor n Affiliation was directly related to verbal fluency. However, more detailed analyses revealed that motive measures were associated substantially, but in a more complex fashion than reflected at the level of zero-order correlations, with digit ratio, mental rotation, and verbal fluency.
Digit ratio
A repeated-measures analysis with hand as within-subjects factor and n Power and AI as well as their interaction term as between-subjects factors revealed a significant 
Mental rotation
Further explorations into the positive association between n Power and mental rotation performance described above revealed that it was moderated by gender, with 
Discussion
In this study, we tested whether there is evidence of an organizational effect of pre-or perinatal gonadal steroids on adult implicit motivational needs for power and affiliation and whether these motives in turn predict cognitive abilities that are sexually dimorphic due to organizational and/or activational hormone effects. In doing so, we drew on a conceptual framework that synthesized what is known about the relationships between gonadal steroids, implicit motives, and cognitive abilities (see Figure 1 ).
In support of our hypothesis of an involvement of organizational hormonal effects on adult implicit motives, we found n Power to be associated with digit ratio, a marker of the intrauterine endocrine milieu, but in a manner that was moderated by participants' AI, a measure of latent brain lateralization. In individuals high in AI, characterized by a tendency towards right-hemispheric engagement during stress, n Power tended to be associated with a more male digit ratio pattern suggestive of a preponderance of high T and low E in early development. In individuals low in AI, in contrast, n Power tended to be associated with a more female digit ratio pattern suggestive of low T and/or high E in early development. n Affiliation was associated with a more female pattern of digit ratio, but this association failed to reach significance. Although the sample size for analyses involving 2D:4D digit ratio was smaller than for our other analyses, a recent replication ASSOCIATIONS BETWEEN IMPLICIT MOTIVES 23 of the n Power x AI effect on digit ratio in two other, much larger samples (Oxford, Rösch, & Schultheiss, in preparation) suggests that our finding is not due to chance.
n Power was also associated with 3D mental rotation ability. While the relationship first emerged as a linear one, with higher n Power being associated with better mental rotation, intriguingly there was also a curvilinear association, with higher n Power being associated with better mental rotation only up to medium levels of n Power and with worse mental rotation for very high levels in n Power. In addition, we also observed that the positive linear relationship between n Power and mental rotation tended to emerge more clearly for women than for men. At first blush, this finding is reminiscent of studies in which higher prenatal or current T was associated better mental rotation performance in women, but not in men, and this effect contributed to an curvilinear relationship between T and mental rotation performance overall (e.g., Grimshaw et al., 1995; Moffat & Hampson, 1996) . However, although n Power is functionally linked to T Overall, however, we suggest that the observed association between n Power and mental rotation performance on the one hand and the lack of direct evidence for activational effects of salivary T and E on mental rotation on the other is consistent with the notion that n Power is partly rooted in organizational effects of perinatal effects of T (and perhaps E). This may also help explain why behaviors that can be linked to adult n Power already emerge in early childhood (cf. McClelland & Pilon, 1983) .
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Results for verbal fluency turned out to be more complex than expected. First of all, unlike mental rotation performance, for which we did find the expected gender difference at the trend level, women and men did not significantly differ in verbal fluency, and neither did we find evidence for an activational effect of E on this variable.
These findings contrast with earlier reports describing verbal fluency as a sexually dimorphic ability (Burton et al., 2005; Hampson, 2002) and linking it to variations in E (e.g., Hampson, 1990a). However, as we have already pointed out, these associations appear difficult to replicate (cf. Hampson, 1990b; Miller & Halpern, 2014) .
Second, we also failed to observe the hypothesized direct association between n Affiliation and verbal fluency. As it turned out, n Affiliation did predict verbal fluency once it was directly contrasted with participants' n Power scores, and gender and AI were taken into consideration. Women's verbal fluency was enhanced to the degree that they were predominantly affiliation-motivated (i.e., their n Affiliation scores were considerably higher than their n Power scores) and had low AI scores, which according to an uninhibited affiliation motive in women, and of an uninhibited power motive or an inhibited affiliation motive in men. If that is the case, it is not surprising that previous studies only obtained rather inconsistent results with regard to gender differences in verbal fluency or its association with markers of organizational and activational hormone effects (Miller & Halpern, 2014) . Our findings suggest that effects of gender and gonadal steroids on verbal fluency are not simple and direct, but actually have rather complex motivational roots and may therefore be difficult to detect. We therefore think that it may be worthwhile to examine the relationship between verbal fluency and gender-dependent effects of motives and hormones in more detail in future studies.
We were unable to find any statistically reliable associations between current levels of salivary steroids and implicit motive measures. As Schultheiss (2013) has pointed out, substantial associations between circulating hormones and motivational needs should not be expected because implicit motives will be associated with steroid hormones only in the presence of suitable incentive cues (which we did not introduce or vary in the present study) and hormone levels are themselves influenced by many other factors besides motivation. The only exception from this general rule, although an indirect one, was the association between gender and OC use on the one hand and n Affiliation on the other. Replicating an earlier observation by Schultheiss et al (2003), we found that women using OCs, which typically contain progestins or a mix of estrogens and progestins, had higher levels of n Affiliation than women not on OCs or men. Due to the correlational nature of our data, however, we cannot say for sure whether OC use increased women's n Affiliation, or women high in n Affiliation were more inclined to use OCs, or another variable played a causal role in both OC use and n Affiliation.
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Limitations and future directions
Although the present findings are broadly consistent with our conceptual framework linking organizational and activational effects of hormones to implicit motives and cognitive abilities, we acknowledge that support for the model must come from further studies that incrementally overcome the limitations of our cross-sectional design and its inherent ambiguities with regard to cause, consequence, and potential third-variable effects. One key issue is the role of organizational effects on implicit motives. In the present study, we did not measure pre-or perinatal T and E directly, but through a marker (i.e., digit ratio). As we have already pointed out, it is unlikely that variance in this marker is exclusively due to hormonal influences, and it may therefore represent only a noisy messenger of what went on in the intrauterine environment. The fact that we, like others before us (see Puts et al., 2008) , failed to observe any associations between digit ratio and the cognitive ability outcomes further downstream in our model underscores this notion of restricted validity. Therefore, we suggest that one particularly fruitful avenue for future research is the assessment of implicit motives in individuals whose mothers have participated in amniotic-fluid studies during pregnancy (e.g., Lutchmaya et al., 2004) or who suffer from CAH, a condition that leads to elevated androgen levels during fetal development (see Puts et al., 2008) . Another possibility is the investigation of changing gonadal steroid levels during puberty, another developmental phase in which, according to recent research (see Romeo, 2003; Sisk & Zehr, 2005) , organizational effects of hormones on brain and behavior can occur and which may provide more accessible participant populations for researchers. While such studies would not yet establish a causal effect of gonadal steroids on the development of ASSOCIATIONS BETWEEN IMPLICIT MOTIVES 27 motivational need systems, they would help to link motives more directly to organizational effects of hormones.
Another issue that needs to be addressed in future research is the examination of complex hormonal effects on motives and cognition and their potential moderation by gender. In the present study, we focused on direct associations of salivary hormones with implicit motives and cognitive abilities and controlled for gender or group status.
However, current levels of gonadal steroids often interact in shaping cognition and behavior, and sometimes in a gender-specific manner, as evidenced, for instance, by animal research on joint effects of T and E in male mating behavior (e.g., Baum, 2002) and research on P-attenuated effects of T and E on female aggression (e.g., Albert, Jonik, & Walsh, 1992) . Consistent with the notion of hormone-hormone interactions on behavior, but outside the focus of our hypotheses and therefore not reported in this paper, we observed in exploratory analyses that the interaction of T and E strongly predicts n Power and verbal creativity in a gender-dependent manner, with very low or very high levels in both hormones predicting high verbal fluency and high levels of either hormone, but not both, predicting high n Power in men. Although such hormone-hormone interactions are rarely studied in research with human subjects (for a notable exception, see Mehta & Josephs, 2010), we suggest that it may represent a particularly fruitful approach for testing the conceptual model we introduce here in particular and associations between hormones and behavior in humans more generally.
A third issue that deserves attention in future research is the conceptually guided replication and extension of motive effects on cognitive ability measures. We think it will be particularly fruitful for future studies to examine the role of n Power in spatial ASSOCIATIONS BETWEEN IMPLICIT MOTIVES 28 cognition tasks other than 3D mental rotation, the role of implicit motives in verbal fluency beyond the generation of words and simple sentences (e.g., narrative fluency, for which the implicit motive literature documents a robust gender difference favoring women; see Pang & Schultheiss, 2005; Schultheiss & Brunstein, 2001) , and to examine in addition other cognitive abilities that are clearly sexually dimorphic (e.g., reading; see Miller & Halpern, 2014) . Such studies will help determine whether the role of n Power in mental rotation and particularly the complex implicit motive effects on verbal fluency we report here represent robust phenomena. They may also help to pinpoint those component functions inherent in such complex cognitive tasks that are specifically associated with implicit motives and activational and organizational effects of hormones.
Conclusion
To sum up, based on a conceptual framework linking organizational and activational hormone effects with implicit motives and cognitive abilities, we have examined for the first time associations between implicit motives, markers of prenatal (2D:4D digit ratio) and current (salivary T, E, and P) steroids, and cognitive abilities that have been linked to hormonal variations. We have found n Power to predict mental rotation performance and to be associated with digit ratio if AI, a measure of brain lateralization, is taken into account. We also found n Power, n Affiliation, and AI to jointly predict verbal fluency performance. Our findings suggest that the synthesis between the neuroendocrinology of cognitive sex differences and the endocrinology of human motivation can be used fruitfully to derive new hypotheses and insights about the role of motivational factors in cognition. 2 To lessen the influence of high P levels in luteal-phase NC women, all inferential tests were performed using log-transformed P.
3 For 2D:4D ratios, all correlations based on n = 50. 4 For verbal fluency, all correlations based on n = 75 (for correlation with 2D:4D ratio, n = 46). 5 For group status, means with different subscripts differ at p < .05 (post-hoc analyses were run only if one-way ANOVA of group status was significant at p < .05). Women n Affiliation minus n Power
